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A desirable feature of calorimetric probes for very high
heating-rate environments is the longest possible interval of linear
temperature-time response. It is the purpose of this note to indi-
cate a design for a calorimetric probe that will maximize the time
interval of linear response.

A typical aerodynamic heating-rate probe is shown in Fig. 1.
The frontal area of the calorimetric slug is small enough that only
stagnation-point heat transfer is measured. Consider the probe to
be a finite slab of material with a uwniform heating rate at the front
face and to be insulated on the sides and at the back face, thus
reducing the problem to one-dimensional heat conduction as shown in
Fig. 2.

The solution of the one-dimensional heat conduction eguation

2
ot _ 1ot .
T 2°3 3 (1)
ox
subject to the boundary conditions

x=20 g = const

X =5 ot/ox = 0

6=20 t =0

gives the temperature distribution in the model of Fig. 2. The solu-
tion is given by Carslaw and Jaeger.l The variation of temperature

with time is plotted by Schneider,® as shown in Fig. 3.



From Fig. 3, and for a given material, a value of 9., the time
required for the back face of the slug to reach a state of linear
temperature increase with time, can be established. The time for the

back face to undergo its initial transient may be taken from Fig. 3 as
2
g, =2:35 8 (2)

From the Carslaw and Jaeger solution, the front-face temperature
after the initial transient is also a linear function of time, and

is given as

_ 89 (a0 ;>

The front face reaches a maximm allowable temperature tm in time

62- Equation (3) then yields:

9=_ff_tm-;>
27 a \3q¢ 3

In deducing heating rate from the temperature-time response

curve, the following equation is employed:

- ot
q = pde 5 ()

For extremely high heating rates, the time interval A9 = 6> - 671
(the linear portion of the temperature-time response of the attached
thermocouple) can be very small, and, thus, difficult to measure.

In optimizing a probe design, it is therefore desirable to have

6> - 01 a maximm.

Combining Egs. (2) and (3) one has

AG-C{ > 68 5 (5)
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The gquantity A6 may now be maximized as a function of the thickness
o

a(a9) _ ktm 2(0.683)5 _
s  oq @ -

0

Therefore, the optimum value of thickness becomes

kt
Soptimm = Eé%_i (6)

After substitution of Eg. (6) into Eq. (5), the maximm time interval

is found to be:

2 2
Xt

N8 = 0.366 —= (7)
aq

Equation (5) may, for convenience, be normalized to yield

2
80 _ 25 ( 5 ) (8)
DOpax 6optimum 6optim

Equation (8) is plotted in Fig. k.

The calorimetric probe designed by means of Eq. (6) will give
the longest possible linear temperature-time response for a given

material, allowable front-face temperature rise, and fixed heating

rate.
NOMENCILATURE
c slug specific heat
k thermal conductivity
a heating rate
t temperature
tm maximum allowable front-face temperature
X length dimension

a thermal diffusivity




I,.l

§e}

length of slug
slug density

time
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FIGURE LEGENDS
Fig. 1.- Aerodynamic heating-rate probe.
Fig. 2.- One-dimensional model.

Fig. 3.- Temperature response of a plate.

Fig. 4.- Plot of Eq. (7).
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